Purpose: To study the corneal endothelial cell density and morphological features in type 2 diabetic patients (cases) and compare it with nondiabetic subjects (controls) in a populationbased cross-sectional study.
C orneal endothelium plays a major role in maintaining the optical transparency of the cornea. Extrinsic factors, such as genetics, race, and age, [1] [2] [3] [4] [5] [6] or intrinsic factors, such as trauma, intraocular surgery, ultraviolet radiation, infection, etc, 3, [7] [8] [9] [10] are responsible for maintaining the structural and functional integrity of the corneal endothelium.
As the prevalence of type 2 diabetes mellitus rises, so do its attendant, microvascular complications. 11 Besides, diabetic retinopathy, patients with diabetes are prone to developing corneal endothelial damage, keratoepitheliopathy in the form of recurrent corneal erosions, persistent epithelial defects, and superficial keratitis. [12] [13] [14] Although morphological and physiological changes in the corneal endothelium, in patients with diabetes, have been documented, most of the studies had small sample size, and no such changes were reported from the large population-based sample. 12, [15] [16] [17] [18] [19] [20] Therefore, the present study was aimed to find out the changes, such as mean cell density, coefficient of variation (CV) in the cell area, and hexagonality, in the corneal endothelium cells and corneal pachymetry in patients with diabetes (cases) and compare the data with nondiabetic subjects (controls).
MATERIALS AND METHODS
The study design and research methodology of Sankara Nethralaya-Diabetic Retinopathy Epidemiology and Molecular Genetic Study-I is described in detail elsewhere. 21 The study area was Chennai metropolis, with a population of 4.3 million, distributed in 155 divisions of 10 zones. The estimated sample size was 5830 (to enumerate approximately 6000 patients: approximately 600 from each of the 10 zones), assuming the prevalence of diabetic retinopathy in the general population to be 1.3% (relative precision, 25%; dropout rate, 20%; design effect, 2). The sample was stratified based on socioeconomic scoring: low (score, 0-14), middle (score, 15-28), and high (score, 29-42). An informed consent was obtained from all patients. The study protocol was reviewed by the institution's ethics committee according to the Declaration of Helsinki. Figure 1 shows the flow of patient enumeration and participation; eventually, a comparison was made between 1191 patients with diabetes (cases) and 120 controls (subjects with fasting blood sugar of less than 110 mg/dL, estimated twice).
Patients who had previously undergone intraocular surgery or showed signs of uveitis, trauma, glaucoma, endothelial dystrophies, pseudoexfoliation, other corneal endothelial anomalies, or unreadable images of specular microscopy were excluded.
Corneal Specular Microscopy and Corneal Pachymetry
Noncontact specular microscopy (Konan Noncon Robo Ca Sp 8000; Konan Inc, Hyogo, Japan) was performed, using an autofocus device, to assess the corneal endothelial status, and the endothelium was visualized on an incorporated screen. The centers of contiguous cells were marked, after which the computer automatically calculated and displayed the endothelial cell density (cells/mm 2 ), CV (%), and hexagonality (%), and analyzed the number of cells. The mean cell area and the CV in the cell area (standard deviation divided by the mean cell area) were used as an index of the extent of variation in the cell area (polymegathism). The percentage of hexagonal cells in the area analyzed was used as an index of variation in the cell shape (pleomorphism).
The central corneal thickness was measured using an ultrasound pachymeter (Alcon Surgical Inc), by taking the average of 10 readings.
Statistical Analysis
The data were analyzed using Stata (statistical software for professionals, Version 10.1) computer software (StataCorp LP, College Station, TX). The results were expressed as mean ± SD. The mean and the proportions were compared using the Student's t test and the x 2 test, respectively. Differences among 3 or more groups were identified by the analysis of variance test. A simple linear regression analysis was performed to find the relationship between corneal descriptors and risk factors. Factors found to be significant by simple linear regression were subjected to multiple regression analysis. A value of P # 0.05 was considered statistically significant. Table 1 describes the demographic profile of cases and controls. The mean age of cases was more than the controls (54.8 vs. 51.9 years; P = 0.001) and the same was true when the data were stratified in different age groups; however, genderwise, there was no difference in both the groups. Table 2 compares the outcome measures, agewise, between cases and controls. The mean corneal endothelial cell density (cells/mm 2 ) was lower in cases than in controls (2550.96 vs. 2634.44; P = 0.001). Similar differences were observed across all age groups. No differences were observed between cases and controls with regard to the mean CV of cell size, mean hexagonality percentage, and mean central corneal thickness. However, when groups were stratified by age, some differences were observed: CV and hexagonality percentage were greater in cases than in controls among subjects between 50 and 69 years, and the central corneal thickness was higher in cases than in controls among subjects between 60 and 69 years. Table 3 illustrates the univariate and multivariate analysis of all factors that could influence the corneal endothelium cell density; these factors included age, gender, duration of diabetes, glycosylated hemoglobin, diabetic retinopathy, smoking, and presence or absence of diabetes. On univariate analysis, significant factors influencing endothelium cell density included age (P # 0.001), duration of diabetes (P = 0.007), and diabetic status (P = 0.006); however, multiple linear regression analysis identified only 2 factors, namely, age (P # 0.001) and diabetic status (P = 0.036). With every increase in age per year (after adjusting for diabetic status), the cell count decreased by 6.4 cells [95% confidence interval (CI), −8.3 to −4.5]; likewise, in those with diabetes (after adjusting age), the cell count was lesser by 66 cells (95% CI, 6.3-125.9) compared with controls. 
RESULTS

DISCUSSION
The results of the present study showed that the mean endothelial cell density was significantly lower across all age groups in patients with type 2 diabetes mellitus compared with controls. Although the cases were around 3 years older, the regression analysis (that adjusted for age) showed a lower endothelial cell count (around 66 cells/mm 2 ) in cases than controls. Table 4 compares the results of our study with those published.
Published studies 12, 17, 18, 22 that had a sample size of around 70 or less did not show any difference with regard to endothelial cell density, but the count was less in patients with diabetes in studies 16, 19, 20 that had a larger sample size. Cell loss rate per year of 0.28% (95% CI, 0.19-0.38) among normal subjects was similar to previously published studies. 5, 23, 24 Presence of diabetic retinopathy had no influence on the corneal endothelial cell density, and there was no significant difference between various stages of diabetic retinopathy. 18 However, in our study, the numbers of patients were less in the late stages of diabetic retinopathy, which was one of the limitations of this cross-sectional study.
Our study did not find any association between hemoglobin A 1c (a measure of glycemic control) and corneal endothelial changes among diabetes confirming the results of earlier studies. 16, 18, 22 This could be because of single measure of hemoglobin A 1c , which measures only glycemic control during the preceding 8 to 12 weeks, and one needs to have a longitudinal study to evaluate this association.
With regard to hexagonality and CV of cell size, our study, like the others, did not find any difference between cases and controls 16, 18 ; however, a few studies observed a decreased hexagonality 12, 17, 19, 20, 22 and increased CV. 12, 16, 17, 19, 20, 22 Although we did not observe any difference in the corneal thickness between cases and controls, two studies found an increased corneal thickness in diabetic patients. 18, 19 Although the morphology of corneal endothelium, among diabetic patients, has been reported earlier, most of them were from hospital-based studies and with a relatively small sample size. The strength of the present study is a large sample of more than 1000 enrolled from the general population. The limitation of the study was that the gold standard test (glucose tolerance test) to exclude diabetes in controls was not considered. Nevertheless, in controls, the estimation of fasting blood sugar was done twice to rule out diabetes, as has been done in many epidemiological studies. 25 Diabetes is a chronic metabolic disease and it is common to have some association between systemic and ocular factors influencing the corneal endothelium. The results of this study, from a large population-based sample, support the earlier theories of lower endothelial cell counts among subjects with type 2 diabetes mellitus in comparison with nondiabetic controls.
